INTRODUCTION
allergic sinonasal disease, trauma and prior sinus surgery, however, in many cases the cause remains unknown. 6, 7 The purpose of this study was to describe and compare the clinical characteristics of primary mucoceles occurring in patients with no known cause or history of previous sinus surgery and secondary mucoceles occurring as a complication following endoscopic sinus surgery or the CaldwellLuc procedure.
We carried out a retrospective chart review of 33 cases of primary mucoceles and 60 cases of secondary mucoceles which were diagnosed and surgically corrected between 1996 and 2008. The international review board at our institution approved this study and required neither patient approval nor informed consent for review of images and records. The group including primary mucoceles had no history of previous sinus surgery, while all cases of secondary mucoceles had undergone endoscopic sinus surgery or the Caldwell-Luc procedure. Almost all patients were treated with endoscopic approach, however, Caldwell-Luc operation was performed in other patients, because they were less amenable to endoscopic treatment due to a lateral-type mucocele, severe thickening of the medial bony wall, compartmentalization of the mucocele. Diagnosis was based on previous history of sinus surgery and physical examination including nasal endoscopy, computed tomography (CT) and histopathologic findings. Mucoceles are defined as an expansion of an existing sinus with associated erosion of septations within the sinus and the walls of the sinus. Medical records were reviewed for patient demographics, presenting symptoms, preoperative CT findings, surgical history, resolution of symptoms and need for revision surgery.
All diagnoses and operations were performed by one otorhinolaryngologist in the clinic. Preoperative and postoperative complications were also assessed.
A total of 33 patients (21 men and 12 women) with a mean age of 44.7 years (range 20-69 years) were included in the primary mucocele group. The secondary mucocele group comprised 60 patients (39 men and 21 women) with a mean age of 48.6 years (range 20-78 years) ( Table 1 ). All patients with secondary mucoceles had a history of sinus surgery (12 endoscopic sinus surgeries, 48 Caldwell-Luc operations). The time elapsed between the initial procedure and the development of symptoms ranged from 2 to 42 years (average, 18.8 years). In the majority of cases (45%), 11-20 years had passed since the primary procedure (Fig. 1) .
The most common presenting symptoms in primary mucoceles were nasal obstruction (19.4%), rhinorrhea (17.7%) and orbital pain (16.1%). Cheek pain (31.7%), nasal obstruction (18.3%) and posterior nasal drip (13.3%) were most frequently reported in patients with secondary mucoceles (Table 2 ). Preoperative CT scans were performed in all patients. Mucocele which was located in maxillary sinus was 58.0% (n = 54) and 24.7% (n = 23) in ethmoid sinus. Location of mucocele in operative field was also checked, similar to previous CT finding. The origins of Kyung Chul Lee and Nam Hoon Lee 
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primary mucoceles were the ethmoid (45.5%), maxillary (18.2%), sphenoid (9.1%), frontal (6.1%), and frontoethmoid sinus (6.1%). In secondary mucoceles, the maxillary sinus was the most common site (80%), followed by the ethmoid (13.3%), frontal (3.3%), sphenoid (1.7%), and frontoethmoid sinus (1.7%) (Table 3) . However, the most common mucocele site in patients who had previously undergone endoscopic sinus surgery, as opposed to the Caldwell-Luc procedure, was the ethmoid sinus (58.3%) ( Table 4 ). All patients (n = 93) underwent corrective sinus surgery between 1996 and 2008. The majority (96.9%) of patients with primary mucoceles underwent endoscopic sinus surgery. Only one patient (3.0%) underwent both endoscopic sinus surgery and the Caldwell-Luc procedure. In secondary mucoceles, 63.3% of patients underwent endoscopic sinus surgery, 25.0% were managed with the Caldwell-Luc operation, and 11.7% received both treatments ( Table 5 ). The mean follow-up period from the initial operation in the secondary mucocele group was 4.7 years (range 1.4-7.3 years) and 5.5 years (range 1.2-9.8 years) in the primary mucocele group. There were no reported intraor postoperative complications during admission.
A revision procedure was performed in 3 patients (9.1%)
Comparison between Primary and Secondary Mucoceles Mucoceles of the paranasal sinus are benign, cyst-like, expansile lesions lined with pseudostratified columnar epithelium. 1 A mucocele is a mucoid-filled mass that develops following obstruction of the sinus ostium and drainage pattern, which explains the high incidence of mucoceles in the frontal sinus caused by variations in the nasofrontal duct. 8 Most mucoceles occur in the frontal sinus (60%) followed by the ethmoid sinus (30%), maxillary sinus (10%) and rarely in the sphenoid sinus. 8 Maxillary sinus mucoceles are more commonly reported in Korea and Japan as POCC, 3, 4 accounting for more than 50% of all paranasal sinus mucoceles in Korean literature 9 and 131 of 132 cases of sinus mucoceles in Japan. 3 The explanation for the difference in incidence between Asian and Caucasian populations remains unclear. 5 Mucoceles that develop following the Caldwell-Luc operation are presumed to result from entrapped sinus mucosa. 4 Secondary mucoceles following sinus surgery generally develop as a delayed complication, typically 10 to 30 years postoperatively. 10 Similar to previous reports, the mean duration between the initial surgery and the development of secondary mucoceles was 18.8 years in the present study. In the majority of cases (45%), 11 to 20 years had passed since the previous sinus surgery, with the longest interval being 42 years. Diagnosis of mucoceles was made on the basis of symptoms, imaging, surgical exploration and histological confirmation. The most informative radiologic evaluation is CT, which shows a mucocele as a homogenous lesion, isodense with brain tissue and without contrast enhancement, unless infected. 1 Traditional surgical management of maxillary sinusitis requires complete drainage through an open approach. Depending on the extent of the sinusitis, this might include either a simple sublabial approach or a lateral rhinotomy incision. 11 With the increasing popularity of minimally invasive surgery, functional endoscopic sinus surgery has become the standard procedure for most surgical cases of chronic sinusitis. Therefore, the use of the Caldwell-Luc operation is on the decline and is now only recommended in selected cases. 12 This trend has increased the relative incidence of frontal and ethmoid sinus mucoceles. The causes of this change are presumed to be narrow sinus orifice, poor surgical view and outflow tract stenosis after endoscopic widening. 4, 13 Likewise, in this study, although the maxillary sinus was the most common site of mucoceles, the most common site of primary mucoceles was the ethmoid sinus. Cases of secondary mucoceles following previous sinus endoscopic surgery, as opposed to the Caldwell-Luc operation, also developed more frequently in the ethmoid sinus.
Despite advances in endoscopic equipment and techniques, several indications for the Caldwell-Luc operation remain. Although the most common cause of failure in endoscopic sinus surgery is an obstructed ostium, some patients have pathologic mucosal disease. 14, 15 In this selected patient population, the Caldwell-Luc operation may be necessary to treat the underlying mucosal disease. Comparison of the results of different surgical techniques is heavily affected by many confounding factors including, but not limited to, different study populations, inaccurate diagnostics and disparate follow-up care. Similar to the delayed occurrence of POCC following the Caldwell-Luc operation, long-term observation is necessary for patients undergoing endoscopic sinus surgery to monitor for recurrence.
Based on the results of this study, we suggest that the incidence of maxillary sinus mucoceles in Asian populations will decrease as the practice of endoscopic sinus surgery increases.
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